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® PUVSMA PROCESSING APPARATUS. 

@ A plasma processing apparatus, wherein the en- 
ergy and density of ions impinging onto a base 
material can be controlled precisely and the process 
parameters can be controlled easily too. The appara- 
tus comprises means (9, 12) for measuring the 
waveshape and value of a high-frequency electric 
power; a means (13) for calculating the energy and 
density of ions impinging onto the base material on 
the basis of the measured values: a means (13) for 
storing process parameters determined according to 
the state of a plasma: a means (13) for displaying 
the output of the storage means; a means (13) for 
setting the values of energy and density of ions; a 
means (13) for inputting the energy value and den- 
sity value of ions to the setting means; and a means 
(14) for controlling the energy and density of the 
ions in the apparatus at the values set in the setting 



means. 
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Tecnologlcal Field 

The present invention relates to a plasma pro- 
cessing apparatus, and in particular relates to a 
plasma processing apparatus which is capable , of 
the precise control of the energy and the density of 
ions injected into a substrate body. 

Background Art 

In conventional plasma processing ap- 
paratuses, because plasma processing was con- 
ducted while controlling externally controllable RF 
power, RF frequency, gas pressure, gas flow rate, 
types of gas, and types of added gasses. it was 
impossible to control the energy and density of the 
ions which were directly injected into the substrate 
or the surfaces of the chamber. In order to obtain 
the optimal conditions for ion energy or density, a 
number of evaluations were conducted utilizing ac- 
tual substrates, and based on the results thereof, 
the optimal conditions were determined empirically, 
so that this process required an enormous amount 
of labor. Furthermore, there were problems in that 
when high energy ions were injected into surface 
substrates during the plasma processing, damage 
was caused to the substrates, and when high en- 
ergy ions were injected into the chamber surfaces, 
the chamber material was caused to sputter, and 
the substrate surfaces were contaminated with 
chamber material. It was essentially impossible to 
solve these problems while simultaneously deter- 
mining the etching 

rate and etching form. For this reason, these prob- 
lems presented a great obstacle to the realization 
of deep submicron ULSI having high performance 
and high reliability. In order to solve these prob- 
lems, it is essential to precisely control the energy 
and density of the ions injected into the substrate 
surfaces, as well as the energy (plasma potential) 
of the ions injected into the chamber surfaces. 
Accordingly, there has been urgent demand for a 
method for measuring the energy and density of 
ions injected into a substrate during plasma excita- 
tion in a plasma processing apparatus, and for 
measuring the plasma potential, and additionally, 
for a method of controlling these. 

An evaluation method employing a probe has 
been in common use as an accurate evaluation 
method for the energy and density of the Ions in a 
plasma, and for the plasma potential; however, as a . 
result of the sputtering of the probe material, there 
is a great possibility of the contamination of the 
substrate surfaces. Furthermore, an analysis meth- 
od employing light absorption or light emission or 
lasers has been used as a method for the iden- 
tification of the type of excitation In a plasma; 
however, as optical energy enters from the exterior, 



the plasma itself becomes disturbed. Furthermor . 
measurement of the energy or density distribution 
of the ions by means of mass spectrometry in- 
volves an electrode construction, which is com- 

5 plicated, and some time Is required* for the analy- 
sis, so that such a method is unsuitable for real- 
time monitoring. 

Furthermore, in previous apparatuses, only the 
externally controllable RF power, RF frequency. 

10 . gas pressure, gas flow rate, type of gas, and type 
of added gas were controlled, so that it was essen- 
tially impossible to precisely control the energy or 
density of the ions or the plasma potential. 

The present applicant has provided, in Japa- 

75 nese Patent Application No. Hei 2-252847, a tech- 
nology capable of controlling the energy and den- 
sity of the ions injected into a substrate body by 
means of the detection of the energy and density 
of ions injected into the substrate body. However, 

20 this technology centers only on the energy and 
density of the ions, and is not concerned with the 
control of other process parameters at desired val- 
ues. That is to say. it was difficult to cause the 
energy and density of the ions to be reflected in 

25 process parameters in an easily applicable manner, 
and thus control these parameters, merely by 
means of the detection of the energy or density of 
the ions. 

The present invention has as an object thereof 
30 to provide a plasma processing apparatus which is 
capable of precisely controlling the energy and 
density of ions injected into a substrate body, and 
which is capable of easily conducting the control of 
process parameters. 

35 

Disclosure oiF the Invention 

The present invention resides in a plasma pro- 
cessing apparatus possessing at least 1 electrode 
40 to which RF power is applied, and a holder for 
supporting a base material comprising the object of 
the plasma processing, wherein at jeast the follow- 
ing are provided: 

a mechanism for the measurement of RF pow- 
45 er and an RF power waveform applied to said 
electrode; 

a calculating mechanism for calculating the en- 
ergy and density of ions injected into the base 
material, based on meiasured values of the mea- 
50 sured RF power waveform; 

a memory mechanism for storing process pa- 
rameters determined in conjunction with the state 
of the plasma as a function of the energy and the 
density of the ions; 
55 a display mechanism for displaying memory 

contents by means of output from the memory 
mechanism; 

a setting mechanism for setting predetermined 
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values of the energy and density of the ions; 

an Input nriechanism for Inputting energy val- 
ues and density values of the ions Into the setting 
mechanism; and 

a control mechanism for controlling the energy 
and density of the ions within the apparatus at set 
values. In accordance with values set in the setting 
mechanism. 

Function 

In the present invention, a measuring mecha- 
nism for measuring an RF power and RF power 
waveform inputted into the electrode is present, 
and by means of this measuring mechanism, the 
RF power waveform and RF power in the process- 
ing are measured. 

Based on these measured RF power waveform 
and RF power, the energy and density of the ions 
Injected into the substrate body are calculated by 
means of the calculating mechanism. 

The calculations are, for example, conducted 
by means of the following formulas. 

Vp = (Vpp/2 + Vdc)/2 (1) 

E,on = Vp-Vdc (2) 

Dion = PrfA^pp (3) 

Here, Vp, Ejon, Dion. Vpp. Vdc, and Prf. repre- 
sent, respectively, the plasma potential, the ion 
energy, the ion density, the peak-to-peak potential 
of the RF waveform, the DC self-bias, and the RF 
power. 

In the present invention, the process param- 
eters, which are functions of the energy and den- 
sity of the ions, are determined in advance as 
functions of the energy and density of the ions, and 
are stored in advance in the memory mechanism 
(for example, the CPU of a computer). Here, exam- 
ples of the process parameters which are functions 
of the energy and density of the Ions Include, for 
example, external parameters such as RF power, 
RF frequency, gas pressure, gas flow rate, gas 
type, and type of added gas, and the like, as well 
as the degree of damage, the degree of heavy 
metal contamination, etching rate, selectivity ratio, 
growth rate, and the like. 

These process parameters may be determined 
In advance and stored in the memory mechanism. 
Furthermore, the measurement of process param- 
eters during processes such as film growth or the 
like may be conducted, and the data in the mem- 
ory mechanism may be singly updated. 

The contents stored in the memory mechanism 
may be displayed by means of a display mecha- 
nism (for example, a CRT). 



Referring to the displayed contents, an oper- 
ator enters the energy and density of .the ions by 
means of an input mechanism (for example, a 
keyboard). Of these inputted values, the energy 

5 and density of the ions are outputted to the setting 
mechanism. Based on a signal from the setting 
mechanism, the control mechanism, which controls 
the energy and density of the ions (for example, a 
mechanism which controls the RF frequency, the 

10 distance between electrodes, gas flow rate, gas 
pressure, type of gas, and type of added gasses), 
is operated, and the energy and density of the Ions 
are controlled at predetermined values, and pro- 
cess parameters such as the degree of damage, 

16 the degree of heavy metal contamination, the etch- 
ing rate, the selectivity ratio, and the growth rate, 
are controlled. 

Brief Description of the Drawings 

20 

Fig. 1 is a concept diagram showing a struc- 
tural example of the present Invention. 

Fig. 2 is a RF power waveform diagram. 

Fig. 3 Is a graph showing the relationship be- 
25 tween the ion energy and density which Is dis- 
played on the CRT screen. 

Fig. 4 is a. graph showing the relationship be- 
tween the ion energy and density which Is dis- 
played on the CRT screen. 
30 Fig, 5 Is a graph showing the relationships 

between the energy and density of the ions, and 
between the RF power and gas pressure, which Is 
displayed on the CRT screen. 

Fig. 6 is a graph showing the relationships 
35 between the energy and density of the ions, and 
between the RF power and gas pressure, which Is 
displayed on the CRT screen. 

Fig. 7 is a graph showing the relationships 
between the energy and density of the ions, and 
40 between the RF power and gas pressure, which Is 
displayed on the CRT screen. 

Fig. 8 is a graph showing the relationships 
between the energy and density of the ions, and 
between the RF power and gas pressure, which is 
45 displayed on the CRT screen. 

Fig. 9 is a graph showing the relationship be- 
tween the energy and density of the ions, and the 
etching rate, in the case in which Si is subjected to 
etching using an oxide film mask when SiCU is 
50 employed, which is displayed on the CRT screen. 

Fig. 10 is a graph showing the relationship 
between the energy and density of the ions and the 
selectivity ratio with the oxide film, in the case in 
which Si is subjected to etching using an oxide film 
66 mask when SiCU gas is employed, which is dis- 
played on the CRT screen. 

Fig. 11 is a graph showing the relationship 
between the energy and density of the Ions and the 
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oxidation Induced stacking fault (OSF) density, 
which is employed as an index in the evaluation of 
damage which enters a Si substrate after 5 minutes 
of etching when SICU gas is employed, which is 
displayed on the CRT screen. 

Fig. 12a is a graph showing the relationship 
■ between the energy and density of the ions and the 
results of the evaluation of the heavy metal con- 
tamination entering a Si substrate after etching for 
a period of 5 minutes, when SiCU gas is employed, 
as evaluated by a total reflection x-ray fluorescence 
analyzer (TRXF), which is displayed on the CRT 
screen. 

Fig.. 12b is a graph showing the relationship 
between the energy and density of the ions and the 
results of an evaluation of the heavy metal contami- 
nation entering a Si substrate after etching for a 
period of 5 minutes In an atmosphere of SiCU gas, 
as evaluated by a total reflection x-ray fluorescence 
analyzer (TRXF), which is displayed on the CRT 
screen. . 

Fig. 12c is a graph showing the relationship 
between the energy and density of the ions and the 
results of an evaluation of the heavy metal contami- 
nation entering a Si substrate after etching for a 
period. of 5 minutes in an atmosphere of SiCU gas. 
as evaluated by a total reflection x-ray fluorescence 
analyzer (TRXF), which relationship is displayed on 
a CRT screen. 

Fig. 13 is a graph showing the relationship 
between the energy and density of the ions and the 
generated lifetime of the minority carrier, which is 
displayed on the CRT screen. 

Fig. 14 is a graph showing the relationship 
between the energy and density of the ions and the 
oxide film pressure resistance, which is displayed 
on the CRT screen, 

Fig. 15 is a graph showing the relationship 
between the energy of the ions and the etching 
time, which is shown on the CRT screen. 

Fig. 16 is a graph showing the shield potential 
dependency of the plasma potential. 

Fig. 17 is a graph showing the relationship 
between the energy and density of the ions and 
various process parameters, which is shown on the 
CRT screen. 



(Description of the References) 



1 


plasma chamber 


2 


upper electrode 


3 


lower electrode 


4 


substrate body (substrate) 


5 


throttle valve 


6 


insulation ring 


7 


RF probe 


8 


matching network 


9 


power meter 



10 


RF power source 


11 


mass flow controller 


12 


RF oscillator (oscilloscope) 


13 


computer measurement system 


14 


control system 


15 


gas input port 


16 


exhaust system 



Best Mode for Carrying out the Invenion 

10 . 

A structural example of the present invention is 
shown in Fig. 1. The plasma chamber, which pos- 
sesses electrodes which are subject to glow dis- 
charge as a result of RF power input, comprises a 

75 pressure control system and an RF power input 
system. The excited gasses are introduced from 
gas system 1 5, and the gas preissure within the 
plasma processing chamber is adjusted to a pre- 
determined value by means of the mass flow con- 

20 troHer 11 which controls the gas flow rate, and the 
throttle valve 5, which adjusts the conductance of 
the exhaust system. During pressure adjustment, 
the reduction of the exhaust system conductance is 
necessary in order to rapidly remove the reaction 

25 products generated in the plasma processing 
chamber, and to employ the source gas purity as 
the process gas purity without alteration, so that it 
is preferable to conduct an adjustment of the pres- 
sure solely by means of the mass flow controller. 

30 The. excited gasses may comprise a single gas 

or a mixed gas. and all gasses which are excitable 
In a plasma state may be employed; for example, 
common gasses such as N2, O2, H2, He, Ne, Ar, 
Xe, Kr, and the like, hydrogenated gasses such as 

35 SiH*. Si2H6. Ph3, AsH3, GeH*. B2H5. and the like, 
halogenated gasses such as CCU. CF4, AsCb. 
AsFs, BCI5. BF2, PCI3, PF5, NF3, SF2. Br2, Cl2. F3. 
WF3, freon-type gasses and the like, alkoxide gas- 
ses such as Al-types, Cu-types, Ga-types, and the 

40 like. SiH2Cl2. SiHCb. TEOS, HI. HBr, HCI. HF, and 
the like. 

The RF power which is applied to electrode 3 
is adjusted by RF oscillator 10, and is inputted via 
matching network 8. The electrode 3 to which the 

45 RF power is applied Is insulated from plasma 
chamber 1 by means of insulating ring 6. 

In the present preferred embodiment, the plas- 
ma processing chamber is a cathode-coupling 
type, in which the substrate 4 to be treated is 

50 placed on an electrode to which RF power Is 
applied. Plasma chambers are divided into cath- 
ode-coupling types, anode-coupling types, or 2- 
frequency excitation types based on the positions 
of the RF power input electrode and substrate 

56 placement electrode; however, in the present in- 
vention, any of these types of apparatuses may be 
used as the plasma processing apparatus. 
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All materials which may be plasma-treated, 
such as metallic materials, organic materials, non- 
metallic materials, optical materials, electromagnet- 
ic materials, and the like, may be employed as the 
substrate body; in particular, conductors such as 
Cu. Al. Ag, Au, Pt, Sn02, InaOs, Cd2Sn04, and the 
like, Y-system, Ta-system, and Bi-system oxide 
superconductors, semiconductors such as Si, Ge, 
GaAs. GaP, InP, InSn, and the like, insulating ma- 
terials such as AI2O3, Si02. SiaN*. and the like, 
strongly dielectric materials such as P2T. BaTi02, 
Ta2 05, Ti02. and the like, magnets such as ferrite- 
system magnets, AlNiCo-system magnets, and 
SmCo. and the like, and optically functional materi- 
als, may be employed. 

The RF power waveform applied to the elec- 
trode is measured by means of the RF probe 7 and 
oscilloscope 12, which are provided directly below 
the electrode to which the waveform is applied, and 
the RF power is measured by means of power 
meter 9. 

The electrons generated within the plasma can 
be caused to conform to the RF power frequency 
in the present invention, and a frequency range 
from a few KHz to a few GHz in which the ions 
cannot be caused to sufficiently conform may be 
employed, but a frequency range from a few MHz 
to hundreds of MHz is preferable, and it is desir- 
able that the measured RF power waveform resem- 
ble a sine wave. The measured RF voltage 
waveform and the RF power value are inputted into 
computer 13, which possesses a CRT (display 
mechanism). The state of the plasma, for example, 
the energy and density of the ions, is calculated 
from the relationships shown in Fig. 2 by means of 
the formulas given below. 

Vp = (Vpp/2 + Vdc)/2 (1) 

Eion = Vp - Vdc (2) 

Dion = PrfA/pp (3) 

Here. Vo. Fjon» Dion» Vpp, Vdc, and Prf. repre- 
sent, respectively, the plasma potential, the ion 
energy, the ion density, the peak-to-peak potential 
of the RF waveform, the DC self-bias, and the RF 
power. 

The ion energy and density within the pressure 
range and RF power range of the plasma process- 
ing apparatus are measured in advance, and the 
results of these measurements are arranged as 
shown in Fig. 3, and stored in the memory mecha- 
nism, and are displayed on the display element 
(CRT) by means of output from the memory 
mechanism. During the actual processing, the pre- 
determined ion energy and density are inputted by 
means of a an input pen or a keyboard (input 



mechanism), and are outputted to the setting 
mechanism. It is preferable that the inputted values 
be displayed on the CRT. During plasma process- 
ing, the ion energy and density are monitored, and 
5 a control system 14 is provided which executes 
control so that this ion energy and density does not 
deviate from the predetermined ion energy and 
density. 

In the present preferred embodiment, the ion 
10 energy and the ion density are controlled by 
means of controlling the RF power of the RF os- 
cillator 12, the flow rate of the mass flow controller 
1 1 . and the conductance of the throttle valve 5 of 
the exhaust system. In addition, control which is 
76 executed by means of controlling the RF frequen- 
cy, the distance between electrodes, the electrode 
structure, th^ type of gas, and the amount of added 
gasses, and the like, is also possible. 

It is also possible to add a mass spectrometer 
20 or a spectral analysis such as absorption spectra or 
the like to the plasma processing apparatus. In the 
present invention, the relationships between the 
evaluation results of the ion energy and ion density 
with respect to the plasma state, such as the 
25 energy distribution and the type and density of the 
ions or radicals, which may be evaluated by such 
analyses, are displayed on the CRT. arid by means 
of inputting the energy distribution and the type 
and density of the ion radicals on the CRT, control 
30 may be executed. Furthermore, the evaluation re- 
sults of the ion energy and ion density of the 
present invention may be displayed on the CRT as 
functions with respect to process parameters which 
are determined in conjunction with the plasma, 
35 such as the degree of damage, the degree of 
heavy metal contamination, etching rate, and selec- 
tivity ratio, and sputtering rate or deposition rate, in 
addition to the state of the plasma; by means of 
inputting these values on the CRT, control may be 
40 executed. 

1) A relationship between the ion energy and 
density displayed on the CRT screen when 
SiCU gas is employed in a cathode-coupling 
type R1E apparatus in which the gas is excited 
45 by means of a 13.56 MHz RF input is shown in 
Fig. 4. It is clear that Ejon increases as the RF . 
power rises or as the pressure falls, while Dion 
increases as the RF power falls, or as the pres- 
sure rises. In the case in which an oxide film 
60 was formed on the Si substrate, this oxide film 
was formed into a mask, and the Si was sub- 
jected to etching, when ion energy and ion den- 
sity values of, respectively, 300 eV and 0.11 
c/sec were inputted onto the CRT screen, and 
66 etching was conducted for a period of 10 min- 
utes, the etching depth of the Si was 5630 A, 
and the etching film thickness of the oxide film 
was 520 A. 
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2) The relationship of the externally controllable 
RF power and gas pressure, is shown in Fig: 5 
on a graph of the function of the ion energy and 
density shown on the CRT screen when a mixed 

gas in which 40% flow rate ratio of H2 was 5 
added to CF4 in the sanne apparatus. Eion and 
- Dto'n exhibit the same tendencies as SiCU. In the 
case in which a 7000 A oxide film is formed on 
a St substrate and etching is conducted using 
this oxide film as a resist mask, when ion en- 10 
ergy and ion density values of, respectively, 350 
eV and 0.10 c/sec were inputted into the CRT, 
and etching was conducted, the oxide film on 
the Si was etched In a period of 17 minutes. 

3) The relationship between the externally con- 15 
trollable RF power and gas pressure Is shown in 

Rg. 6 on a graph of a function of ion energy and 
density displayed on the CRT screen, when 
SiH* gas was employed in a cathode-coupling 
type plasma CVD apparatus in which the gas 20 
was excited by means of a 13.56 MHz RF input. 
Eion and D.on exhibit the same tendencies as 
SiCU. 

4) The relationship between the externally con- 
trollable RF power and gas pressure Is shown In 25 
Fig. 7 on a graph of a function of ion energy and 
density which Is displayed on a CRT screen, 
when Ar gas was employed in a cathode-cou- 
pling type sputtering apparatus in which the gas 

Is excited by means of a 13.56 MHz RF input. 30 
Eion and Dion exhibit the same tendencies as 
SiCk. 

5) The relationship of the externally controllable 
RF power and gas pressure is shown in Fig. 8 

on a graph of a function of ion energy and 35 
density which is displayed on a CRT screen, 
when ecu gas was employed in a cathode- 
coupling type RIE apparatus in which the gas is 
excited by means of a 13.56 MHz RF Input. In 
the region of high pressure, Eion is stable, while 40 
only Dion increases greatly. However, in the re- 
gion of low pressure, Dion is stable, while the 
Eion peak increases greatly. Furthermore, when 
the RF power is stable and the gas pressure is 
raised, at high power levels of 130 W or more, 45 
Dion increases, while Eion becomes smaller; how- 
ever. If the gas pressure is further Increased, 
Eion increases only slightly from the inflection 
point, and Dion becomes smaller, and at an 
electromotive force of less than 76 W, E|on so 
slightly Increases, while Dion becomes smaller. 

6) The relationship between the etching rate and 
the selectivity ratio with the oxide film is shown 
in Figs. 8 and 9. respectively, on a graph show- 
ing the function of the ion energy and density 65 
displayed on the CRT screen, in the case in 
which the etching of Si using an oxide film mask 

was conducted, when SICU gas was employed, 



in a cathode coupling type RIE apparatus in 
which the gas is excited by means of a 13.56 
MHz RF Input. As Eion and Djon Increase, the 
etching rate becomes faster, and the selectivity 
ratio increases as Eion is reduced and Dion in- 
creases. 

7) The results of an evaluation of the degree of 
oxidation induced stacking faults • (OSF), which 
serves as an index for the evaluation of damage 
entering the Si substrate when etched for a 
period of 5 minutes by SiCU gas, are shown in 
Fig. 11 on a graph of the function of ton energy 
and density displayed on the CRT screen, in a 
cathode-coupling type RIE apparatus in which 
the gas is excited by means of a 13.56 MHz RF 
input. The solid line in the figure indicates the 
boundary line at which OSF was observed; as 
Eion and Dion increase beyond the boundary line, 
OSF is seen to a greater extent, and it can be 
seen that damage is caused to the SI substrate. 

8) The results of an evaluation of the heavy 
metal contamination entering a Si substrate 
when etched for a period of 5 minutes by means 
of SICU gas, as evaluated by a total reflection x- 
ray fluorescence analyzer (TFIXF), are shown in 
Fig. 12 on a graph of a function of ion energy 
and density which Is displayed on the CRT 
screen, in a cathode-coupling type RIE appara- 
tus in which the gas is excited by means of a 
13.56 MHz RF input. The solid lines on the 
figure indicate plasma potential lines (Vp). Fe 
and Ni increase as V increases, and it can be 
seen that Ni is widely distributed over various 
values of Eion and 

9) The generated lifetime of the minority carrier 
and the results of the oxide film pressure resis- 
tance are shown in Figs. 13 and 14 on graphs of 
functions of Ion energy and density displayed on 
the CRT screen, when a MOS diode was pro- 
duced in the preferred embodiment of 8). The 
gate oxide film thickness of the MOS diode was 
300 A, and a 1 urn Al electrode was formed. It 
can be seen that the generated lifetime of the 
minority carrier was drastically shortened when 
Eion exceeded 400 eV, and that the oxide film 
pressure resistance worsened as Vp Increased. 

10) In the preferred embodiment of 2), it can be 
seen that the energy of the ions during etching 
changes over time, as shown in Fig. 15, and that 
etching is completed in a period of 17 mjnutes. 
In this way, the detection of the stopping point 
of etching becomes possible. 

11) It Is also possible to additionally install a 
shield electrode, around which the potential can 
be controlled, in the plasma processing appara- 
tus, and to control the plasma potential by 
means of the controlling of the potential of this 
electrode. The results thereof are shown In Fig. 
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16. When a RF power of 100 MHz is applied to 
the upper electrode, and the potential of the 
shield electrode Is altered, at a level of -5 V. the 
plasma potential becomes a negative potential. 
12) The results when etching is conducted with 6 
SiCU gas, as described above, can be compiled 
and displayed on the CRT screen, as shown in 
Rg. 17. In order to realize damage-free, heavy 
metal contamination-free, high speed, and highly 2. 
selective etching, it is necessary to conduct jo 
etching within Ejon and Djon value ranges repre- 
sented by the darkened region in the figure. 

3. 

[Effects of the Invention] 

The present invention can be realized by, in 
any plasma processing apparatus in which intro- 
duced gas is excited by means of the application 4. 
of RF power, determining the important parameters 
of the energy and density of ions injected into a 20 
substrate by means of a simple process for mea- 
suring the RF voltage waveform and the RF power, 
and. based on these results, plotting process pa- 
rameters, such as external parameters which are 
externally controllable, such as RF power. RF fre- 25 5. 
quency. gas pressure, gas flow rate, type of gas, 
and type of added gas and the like, or the degree 
of damage, the degree of heavy metal contamina- 
tion, the etching rate, the selectivity ratio, the 
girowth rate and the like, on a graph showing a 30 6. 
function of the energy and density of the ions; 
precisely controlling the energy and density of the 
ions at predetermined values; and thus controlling 
the parameters of the process. 

35 

Claims 

1. A plasma processing apparatus possessing at 
least 1 electrode to which RF power is applied, 
and a holder for supporting a substrate body 40 
comprising an object of the plasma process- 
ing, wherein at least the following are provided: 

a means for the measurement of RF power 
and ah RF power waveform inputted into said 
electrode; 45 

a calculating means for calculating energy 
and density of ions injected into said base 
material, based on measured values of said 
measured RF power waveform; 

a memory means for storing process pa- so 
rameters determined In conjunction with a 
state of a plasma as a function of said energy 
and said density of said ions; 

a display means for displaying memory 
contents by means of output from said mem- 55 
ory means; 

a setting means for setting predetermined 
values of energy and density of ions; 



an input means for inputting energy values 
and density values of ions into said setting 
means; and 

a control means for controlling energy and 
density of ions within said apparatus at set 
values, in accordance with values set in said 
setting means. 

A plasma processing apparatus in accordance 
with claim 1, in which said electrode is laid on 
said holder. . 

A plasma processing apparatus in accordance 
with claim 1, wherein, in said holder, a means 
for applying RF power having a frequency dif- 
fering from that of said electrode is provided. 

A plasma processing apparatus in accordance 
with claim 1 , wherein said RF power and a flow 
rate of gas introduced into said plasma pro- 
cessirig apparatus are controlled, and the en- 
ergy and density of said ions are controlled at 
predetermined values. 

A plasma processing apparatus in accordance 
with claim 1, wherein gas excited by meanis of 
said. plasma processing apparatus comprises a 
single gas or a mixed gas. 

A plasma processing apparatus in accordance 
with claim 1. wherein a means for measuring 
changes over time in the energy and density 
of ions injected into a substrate body is pro- 
vided. 
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